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PROCESS FOR THE PREPARATION OF
(PER)FLUORINATED MONO-FUNCTIONAL
CARBONYL COMPOUNDS

The present 1invention relates to a process for preparing,
(per)fluorinated mono-functional carbonyl compounds start-
ing from (per)-fluorinated di-functional carbonyl com-
pounds.

Various preparation methods for obtaining mono-func-
tional carbonyl (per)fluorinated compounds are known.

U.S. Pat. No. 3,113,967 describes the synthesis of per-
fluoro-mono-acyl-fluorides by condensation of COF, with
pertluoroolefins. In the reaction, as catalysts, salts capable to
make available the 1on fluoride are used and optionally
dipolar aprotic solvents can be used. This process has the
drawback to be limited by the need to have available cheap
fluoroolefins. Besides, the Examples show that high yields
are obtained only when one operates 1n the presence of a
solvent.

U.S. Pat. No. 3,250,808 describes pertluoromonoa-
cyltluvorides of formula R{,O[CF(CF;)CF,O] CF(CF;)C
(O)F wherein nI=0-100, and the process for their prepara-
tion. The synthesis has the drawback to use
perfluoropropene epoxide (HFPO), which must be previ-
ously prepared by controlled perfluoropropene oxidation. A
turther drawback 1s that a dipolar aprotic solvent must be

used at the anhydrous state.

U.S. Pat. No. 6,013,795 describes a new class of fluoro-
alkylcarbonyl compounds alpha branched to carbonyl. Said
compounds, preferably having at least 8 carbon atoms, are
synthesized starting from the corresponding hydrogenated
precursors according to the classic fluorination methods with
F,, or the electrochemical route with HF. The drawback of
this process 1s that in the fluorination high amounts of
fluorine per mole of synthesized pertluoroacylfluoride must
be used. Besides, 1n some cases, for example when oxygen
atoms are present 1n the starting compound, the hydrofluoric
acid formed during the fluorination causes the decompostion
of the molecule to be fluorinated.

U.S. Pat. No. 3,847,978 describes the preparation of
perfluoropolyether acylfluorides of formula AO(C,F . O), .-
(C,.F,0),,{CF,0) ,—B, wherein A and B equal to or
different from each other can be: —CF,, —C(O)F, —CF,C
(O)F, —CF(CF;)C(O)F, —CF,C(O)CF,;. The process
requires the reduction of a peroxidic linear perfluoropoly-
cther polymer of formula: A-O(C.F.O) ~AC,F,0),
(CF,0), {0). ,—B, wherein A and B have the above
meaning. The Examples show that the process has a high
selectivity for obtaining pertluoropolyether diacyltluorides
(acylfluoride groups in both end groups A and B), while the

selectivity 1s poor for the mono-functional acyltluoride
derivatives.

EP 754,670 describes mono-hypotluorite compounds of
tormula FC(O)—R{,,—CF,OF, wheremn Ri,,; 1s a C,-C,,
perfluoroalkylene or perfluorooxyalkylene chain having a
molecular weight in the range 100-2,000, and the process for
the preparation thereof. The process requires the hypotluo-
rite synthesis i liquid phase, 1n the presence of a catalyst,
by fluorination of diacylfluorides at temperatures in the
range from —-40° C. to +40° C. The used catalysts are the
salts of general formula MeF ;.zvHF, wherein Me 1s an
alkaline or alkaline-earth metal, for example KHF, or
CsHE,. In the patent it 1s shown that by using an alkaline or
alkaline-earth metal fluoride catalyst of formula MeF ;.
only bis-hypofluorites are obtained. In particular in the
comparative Examples 1t 1s shown that by using in the
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reaction CsF or KF, by operating at the temperature of —10°
C., a mixture formed of bis hypofluorites and starting
reactants 1s obtained.

The need was felt to have available a synthesis of (per)
fluorinated mono-functional carbonyl compounds working
even 1n the absence of solvent, also 1n a semicontinuous and
continuous way, having good yields in mono-functional
carbonyl (per)fluorinated compounds.

The Applicant has surprisingly and unexpectedly found a
synthesis process of mono-functional carbonyl (per)iluori-
nated compounds able to solve the above technical problem.

It 1s an object of the present invention a process for the
synthesis of (per)fluorinated mono-functional carbonyl com-
pounds having the following formula:

F-A-R,—B—C(0)X,

(D

wherein:

X,=F, CFj;;

A, B equal to or diflerent from each other, can indepen-
dently be C,-C; (per)tluoroalkylene groups or linear or
branched C,-C; (per)tluorooxyalkylene groups, option-
ally containing one or more Cl and/or H atoms;

R - 1s selected from the following groups:

—ORT,0— wherein Ri,=C,-C,, pertluoroalkylene;

—ORI1,-, wherein Rf, 1s a perfluorooxyalkylene chain
containing one or more of the following units statisti-
cally distributed along the backbone:

(C,F0), selected between (CF,CF(CF;)O) or (CF
(CF5)CF,0);

(CFX,0) wherein X, 1s F or CFj;;

(C.F0);

(CF,(CF,), CF,0O) wherein x' 1s an integer equal to 1 or
2;

(CR,R.CF,CF,0) wherein R, and R. are equal to or
different from each other and selected between H, CI,
and wherein one fluorine atom of the perfluorom-
cthylene unit can be optionally substitued with H, C]
or (per)tluoroalkyl, having for example from 1 to 4
carbon atoms;

said process comprising the following steps:
A) obtainment of the mono-hypofluorite of formula:

FO—CFX,-A-R,—B—C(0)X, (1)

by fluorination with elemental fluorine of the carbonyl
groups ol the following (per)tluorinated di-functional
carbonyl compound of formula:

X,(0)C-A-R—B—C(O)X, (I11)

wherein:
X,, Rz, A and B have the above meanings;
X, equal to or different from X, has the same meanings
as X,;

in the presence of a catalyst based on metal fluorides
having formula MeFy, wherein:
Me i1s an alkaline or alkaline-earth metal or Ag;
y=1 or 2;

B) thermal decomposition of the mono-hypofluorite of for-
mula (II) to give (per)fluorinated mono-functional carbo-
nyl compounds (I), according to the reaction:

FO—CFX,-A-R,—B—C(O)X, (II) - - -
R —B—C(0)X, (D+(O)CFX..

—F-A-

The preferred A and B groups 1n the formulas (I)-(11I) are
selected from the following;:

~ CF,—, —CF(CF,)—, —CF,CF,—, —CF,CF,CF,—.

—CF,CF(CF;)—, —CF(CF;)CF,—, —CF(OCF;)—,
(OCF;),—, —C(CF;)(OCE;)—.
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Preferably, when R .~=—ORI1,-, the perfluorooxyalkylene
chain Rf, 1s selected from the following:
a') —(CF,CF,0),,(CF,0),(CF,CF(CF;)0),(CF(CF;)0),
(CF,CE,CE,0),—,
b') —(CF,0),(CF,CF(CF;)0),(CF(CF;)0),—,
c') —(CF,CF,0),,(CF,0),—,
wherein:
m 1s comprised between 0 and 100, extremes included,
n 1s comprised between 0 and 100, extremes ncluded,
p 1s comprised between 0 and 60, extremes included,
q 1s comprised between 0 and 60, extremes included,
r 1s comprised between 0 and 60, extremes included,

m+n+p+q+r being =0 and the number average molecular
weight of —OR{,— 1n the range 16-12,000, preferably
16-5,000, still more preferably 60-3,000.

In particular in the formula ¢') m and n, independently the
one from the other, have the above values and, preferably,
when m and n are both present, are such whereby m/n ranges
from 0.2 to 12 with a number average molecular weight of
—OR1,— within the above values.

Step A), fluorination of the di-functional carbonyl com-
pounds (III), can be carried out in the presence or in the
absence of solvents, inert under the reaction conditions. In
step A) the molar ratio F,/carbonyl groups of compound (I111)
generally ranges from 0.05 to 0.90, preferably from 0.1 to
0.80; the reaction temperature ranges from —80° C. to +30°
C.

Preferably in step A) one operates in the absence of
solvents.

In step A) preferably the catalysts based on metal fluo-
rides are selected from the following:

alkaline or alkaline-earth metal fluorides selected from the

following: CsF, KF, RbF, LiF, NaF, CaF,, BaF,, MgF,,
Srl s ;
Agl';

said catalysts can be used as such, or mixed with each other
or optionally supported on porous materal.

As porous support material, 1t can be used the porous
materials available on the market and inert under the reac-
tion conditions. AlF; can for example be mentioned.

The preferred metal fluorides are CsF and KF.

The catalyst can be used for long periods 1n the process
according to the present imvention, without the need to be
regenerated.

The fluorination reaction can be carried out at a pressure
equal to or higher than the atmospheric pressure, for
example up to 5 atmospheres.

When 1n the fluorination reaction solvents are used, they
are selected for example among the following: C F,, C, Fq
(cycle) C,F.O(ether), C,F,,O(ether), CF;O(CF,),—CF,;,
CF,, C,F,, perfluoropolyethers.

Furthermore it has been surprisingly found that the fluo-
rination reaction selectivity of (per)tluorinated di-functional
carbonyl compounds to give (per)fluorinated mono-tunc-
tional carbonyl compounds depends on the used catalyst and
on the fluorination temperature. By using the same catalyst,
the selectivity in monoacylfluoride (I), with respect to the
converted diacylfluoride (III) increases with the tempera-
ture. See the Examples.

The hypofluorite thermal decomposition reaction B) 1s
carried out subsequently to the fluorination reaction of the
(per)fluorinated di-functional carbonyl compound.

The hypofluorite decomposition reaction temperature
must be 1n the range between the temperature T,, wherein the
hypotluorite begins to decompose with formation of C(O)

FX, as above defined, and T,+20° C., prefterably T +5° C.
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The skilled man in the field 1s able to determine the T,
temperature by slowly heating, for example with a gradient
of 1° C./min., an hypofluorite (II) sample and detecting by

IR spectroscopy the appearance of the peaks corresponding
to the species C(O)FX, (COF,, signals at 1928, 1944, 1956

cm™' and/or CF,COF signal at 1898 cm™'), showing the
hypotluorite decomposition. See the Examples.

The temperature at which the decomposition reaction 1s

carried out 1s generally from 0° C. to +200° C., preferably
from +40° C. to +150° C.

The invention process can be carried out 1n a discontinu-
ous, semicontinuous and continuous way.

In the process according to the invention 1n step A), the
fluorine conversion 1s generally higher than 90%.

r

The yield 1n perfluoroalkyl or perfluorooxyalkyl neutral
end groups of formula (I) with respect to the converted

carbonyl end groups, 1s higher than 90%, preterably higher
than 95%.

The discontinuous and semicontinuous processes require
the use of only one reactor, wherein the fluorination to obtain
hypotluorite and the subsequent decomposition of the com-
pound are carried out.

In the discontinuous process only one addition of fluorine
to the suspension containing the catalyst, the (per)fluori-
nated di-functional carbonyl compound and the optional
solvent respectively, 1s carried out.

After the fluorination, the reaction mixture 1s very slowly
heated up to the complete decomposition of the hypofluorite
to give neutral end groups.

In the semicontinuous process the gaseous fluorine,
optionally diluted with a gas, 1nert under the reaction con-
ditions, for example nitrogen and/or helium, 1s fed at the
above temperatures 1n the suspension containing the catalyst
and the formula (III) di-functional carbonyl compound. The
fluorine 1s fed until obtaining the desired conversion per-
centage of the starting carbonyl end groups into hypotluorite
end groups.

Preferably the fluorine 1s fed divided in aliquots, with
respect to the needed total amount. After having fluxed the
fluorine aliquot, the reaction mixture temperature 1s gradu-
ally increased to decompose the hypofluorite formed 1n the
fluorination. At this point the reaction mixture temperature
1s lowered again to the initial value and one proceeds to a
turther fluorination. The cycle 1s repeated until obtaining the
desired conversion percentage of the starting carbonyl end
groups into neutral end groups. This percentage 1s in the
range 5%-90%, preferably 10%-80%. The conversion per-
centage of the starting carbonyl end groups can, for
example, be determined by ""FNMR.

In the semicontinuous process the fluorination of the
(per)fluorinated di-functional carbonyl compound and the
hypotluorite decomposition are carried out in an only one
reactor.

At the end of the hypofluorite decomposition, the reaction
product 1s separated from the catalyst and from the optional
solvent by using known separation methods, as, for
example, filtration, distillation or stripping under vacuum.

The continuous process requires the use of two separate
reactors, the former for the fluorination of the (per)tluori-
nated di-functional carbonyl compound 1n the presence of
the metal fluoride catalyst, the latter, working at a higher
temperature, wherein the hypofluorite decomposition takes
place.

In particular the fluorination reaction can be carried out by
separately feeding on the catalyst gaseous fluorine, option-
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ally diluted with an inert gas selected from those above
mentioned and the di-functional carbonyl (per)tluorinated
compound.

The hypofluorite, 1n admixture with the unreacted (per)
fluorinated di-functional carbonyl compound, 1s fed from the
fluorination reactor to the second reactor wherein the hypot-
luorite decomposition takes place.

In the continuous process, at the end of step B), the
reaction mixture containing the unreacted di-functional car-
bonyl compounds, the mono-functional carbonyl com-
pounds and those having both neutral end groups, 1s con-
tinuously taken from the bottom of the second reactor and
re-fed to the first fluorination reactor. The cycle 1s repeated
until obtaining the desired conversion percentage of the
starting carbonyl end groups 1nto neutral end groups. The
conversion of the starting carbonyl end groups 1s within the
limits 1ndicated above for the semicontinuous process.

At the end the reaction mixture 1s collected in the second
reactor and the products are separated and purified by
distillation.

The continuous process shows the advantage to control
and limit the hypotluorite concentration within very low and
constant values. Besides 1t significantly facilitates the sepa-
ration and final purification of the mono-functional carbonyl
compound from the catalyst. This type of process 1s pre-
terred when the catalyst 1s supported.

In the 1nvention process 1t 1s preferred to operate in the
absence of solvents.

With the invention processes one can operate even under
such conditions that in the reaction mixture the (per)fluori-
nated di-functional carbonyl compounds of formula (III) are
substantially absent, by using the minimum fluorine amount
necessary to obtain the total conversion of the starting
compound (III).

The total conversion of the starting compound is deter-
mined by GC/MS analysis, until disappearance of the start-
ing compound. The fluorination reaction can be carried out
also using an amount of fluorine higher than that above
defined. However working in this way can bring to a yield
reduction. The complete conversion of the pertluormated
di-functional carbonyl compounds of formula (III) 1n the
reaction mixture 1s particularly useful from the industrial
point of view since 1t allows an easy separation of the

(per)tfluorinated mono-functional carbonyl compounds of

formula (I) from the reaction mixture; to separate the com-
pound (I) 1t 1s preferable to transform it 1nto its functional
derivatives, for example acids esters or amides, preferably
acids.

The starting (per)tluorinated di-functional carbonyl com-
pounds of formula (III) can be prepared by synthesis of the
peroxidic raw product and subsequent reduction. The per-
oxidic raw product synthesis 1s carried out by oxidative
polymerization of fluoroolefins, in particular of C,F, and/or
C,F,, with oxygen at low temperature in the presence of UV

light or of a radical mitiator, such as described for example
in patents GB 1,189,337, GB 1,104,482, U.S. Pat. Nos.

3,683,027, 3,175,378, 5,149,842, 5,258,110, 5,488,18]1.

The reduction of the peroxidic raw product 1s carried out
with hydrogen on suitable catalyst containing palladium to
give di-functional carbonyl perfluoropolyether compounds,
for example as described 1n patents U.S. Pat. Nos. 3,847,
978, 6,127,498, Furthermore the di-functional carbonyl
compounds ar obtainable by direct fluorination, as described
for example 1n U.S. Pat. No. 5,488,142.

The catalysts used in the present invention process are
known 1n the art for the preparation of hypotluorites. U.S.

Pat. Nos. 4,827,024, 4,499,024, EP 754,670; Ruil I. K. et al.,

10

15

20

25

30

35

40

45

50

55

60

65

6

J. Am. Chem Soc. 88:19 (1966), 4531-4332; Lustig et al., .
Am. Chem. Soc. 89:12 (1967), 2841-2843; Hohorst A. et al.,
J. am Chem Soc. 89:8 (1967), 1809-1810 can be mentioned.
The preferred di-functional carbonyl (per)fluorinated
compounds of formula (III) to carry out the invention
process are selected from the following:
X,(0)CCFY ,—O(CF,0), (CF,CF(CF;)0) (CF(CF;)0)_—
CFY,C(O)X],
X,(0)CCFY,—O(CF,CF,0) (CF,0) —CFY,C(O)X,,

wherein:
X, X,, equal or different, are as above,
Y,, Y,, equal or different, have the X, meaning,
m, n, p, q are as above.
Still more preferred among the formula (III) compounds
are the following:
F(O)CCF,O(CF,0), —CF,C(O)F,
F(O)CCF,O(CF,CF,0O), —CF,C(O)F,
F(O)CCF,O(CF,CF,0), (CF,0) —CF,C(O)F,

wherein m and n are as above defined.

Among the formula (III) compounds the following com-
pounds are further preferred:
F(O)CCF,OCF,C(O)F, F(O)CCF,OCF,OCF,C(O)F,
F(O)CCF,OCF,CF,OCF,C(O)F,
F(O)CCF,OCF,OCF,CF,OCF,C(O)F,

CCF,OCF,OCF,OCF,C(O)F,
F(O)CCF,OCF,CF,OCF,CF,OCF,C(O)F.

The mono-functional carbonyl (per)fluorinated com-
pounds of formula (I) obtained by the invention process are
preferably the following:

CF,—O(CF,0),,(CF,CF(CF;)0O) (CF(CF5)0), ,—CF,C(O)

E,

CF,;CF,—O(CF,0), (CF,CF(CF;)0), (CF(CF;)0) —CF

(CE3)C(O)E,

CF,CF,—O(CF,0),,(CF,CF(CF;)0) (CF(CF;)0) —

CF,CF,C(O)F,
CF,—O(CF,CF,0), (CF,0), —CF,C(O)F,
CF,CF,—O(CF,CF,0), (CF,0),—CF(CF;)C(O)F,
CF;CF,—O(CF,CF,0), (CF,0), —CF,CF,C(O)F,

F(O)

wherein m, n, p and q are as above.

The following formula (I) compounds are still more
preferred:

CF;OCF,C(O)F,

CF;OCF,CF,OCF,C(O)F,
CF,OCF,OCF,CF,OCF,C(O)F,

CF,OCF,CF,OCF,OCF,C(O)F,
CF,OCF,OCF,OCF,C(O)F,

CF,OCF,CF,OCF,CF,OCF,C(O)F.

It has been surprisingly found by the Applicant that 1t 1s
possible to use the catalysts based on the above metal
fluorides, for example CsF and KF, to obtain the formula (1I)
mono-hypofluorites, by fluorination of the (per)tluormated
di-functional carbonyl compounds of formula (III).

This 1s quite unexpected since according to the above
discussed prior art said catalysts are not useful to obtain
monohypofluorites (II) from (per)tluorinated di-functional
carbonyl compounds (III).

Furthermore the Applicant has surprisingly found that 1n
the i1nvention process it 1s possible to decompose 1n a
controlled way the monohypofluorite (II) to give (per)
fluorinated mono-functional carbonyl compounds (I), sub-
stantially avoiding the formation of undesired by-products.

This 1s unexpected since there 1s no teaching in the prior
art relating to this specific feature of the monohypotluorite
decomposition process. Indeed it 1s known that hypofluo-
rites, owing to the low power of the —OF bond, tend to

CF,OCF,OCF,C(O)F,
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decompose with highly exothermal reactions forming vari-
ous by-products. See for example in Russian Chemical
Reviews 49 (7) 1980, 668-682.

The perfluorinated mono-functional carbonyl compounds
are useful compounds 1n the chemical industry. The pertlu-
orinated mono-acyl fluorides can be transformed 1nto other
functional groups as acids, salts, esters, amides, ethers. Said
derivatives are uselully employed as surfactants or addi-
tives, or as mtermediates for the synthesis of various flu-
orinated derivatives.

Furthermore monoacylfluorides are useful compounds for
the preparation of perfluorovinylethers by the fluorination
into the corresponding hypofluorites and subsequent sum to
(per)tluoroolefins, for example CFCl=CFCI. Said mono-
mers are used in the synthesis of fluoroelastomers and
fluoroplastomers.

Besides, the mono-acyl fluorides are used for the prepa-
ration of perfluorodiacyl-peroxides, polymerization initia-
tors useiul for obtaining fluoropolymers having pertluori-
nated end groups.

The following non limitative Examples illustrate the
invention.

EXAMPLES

Example 1

Syntesis 1 a Discontinuous Way of Monoacyltluoride

CF,0—(CF,CF,0), (CF,0) —CF,C(O)F by Fluorina-
tion of the corresponding diacylfluorides on CsF catalyst at
the temperature of —10° C. and subsequent decomposition in
situ of the obtained hypofluorites.

In a 10 cc metal reactor equipped with internal thermo-
couple there are introduced 0.9 g of CsF catalyst (Aldrich®,
titre 99.9%), which 1s dried by heating under vacuum at 200°
C. for two hours and successively fluorinated at 400 mbar
(4x10% Pa) of fluorine at the temperature of 150° C. for 2
hours. After elimination of the residual fluorine, 2 mmoles of
diacylfluorides are introduced, having formula:

F(O)CCF,O—(CF,CF-0), (CF,0),—CF,C(O)F (ITIA),
number average MW (MN) 620, m/n ratio=4.30 and func-
tionality in —COF end groups of 1.82 and functionality in
—CF,CF; end groups of 0.18, determined by NMR. The
diacylfluoride has been prepared as described 1n patents U.S.
Pat. Nos. 5,258,110 and 3,847,978.

After cooling 1n liquid nitrogen (-196° C.), the optional
uncondensable products (N, O,) stripped, 1.82 mmoles of
fluorine are added and the reaction mixture 1s brought to
—10° C. and maintained at this temperature for 4 hours. It 1s
cooled to -196° C. and 1t 1s noticed that the fluorine
conversion 1s complete. The reaction mixture 1s then let
increase up to —10° C. without vanation of the internal
pressure, which indicates that the hypofluorites formed
under said conditions are stable. Then the temperature 1s
slowly increased, with a gradient of 1° C./min. under tem-
perature and internal pressure control. At the temperature of
about 40° C. 1t 1s noticed the decomposition of the obtained
hypotluorites with exothermal reaction and COF, formation,
as detected by IR analysis of the gaseous phase. After the
reaction mixture has been brought to 50° C. for 1 hour to
complete the hypofluoprite decomposition, it 1s cooled to
-50° C. and the COF, produced in the reaction 1s removed
by water pump.

The reaction products are then recovered in C.F. and
analyzed by ""F—NMR analysis. The conversion of initial
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—COF end groups to quantitatively give —OCF; groups 1s
4'7%:; the fed fluorine vield 1s 94%.

The GC/MS and GC analyses show that the following
reaction compounds a) (monoacylfluoride) and b) (neutral
pertluoropolyether) form beside the starting unreacted dia-
cylfluornides ¢) with the following relative molar percent-
ages, determined by gaschromatography:

a)  CF;0—(CF,CF,0),.(CF,0),—CF,C(O)F
b)  CF;0—(CF,CF,0),(CF,0),—CF,
¢)  F(O)CCF,0—(CF,CF,0). (CF,0),—CF,C(O)F

19%
42%
39%

The reaction compounds a) and b) were obtained respec-
tively by the synthesis of the corresponding mono-hypoi-
luonites (1) and bis-hypofluorites (2) reported hereinunder:

FOCF,CF,0—(CF,CF,0),, (CF,0),—CF,C(O)F (1),

FOCF,CF,0—(CF,CF,0), (CF,0) —CF,CF,OF 2),
by fluornation of the imtial diacyltluorides (IIIA) and
subsequent degradation of the obtained hypotluorites (1) and
(2), as the temperature increases, as above indicated.

The vield of the monoacylfluorides a) calculated with
respect to the mitial converted diacylfluorides 1s 31%.

The reaction products are separated by fractional distil-
lation.

Characterization of the Products: "F—NMR ""F—NMR
spectrum 1n p.p.m. with respect to CFCl; (p.p.m.=0): 13.2
(1F F(O)CCF,OCF,O—); 13.0 (1F
F(O)CCF,OCF,CF,O0—); -51.7, -55.3 (2F —OCE,O—);
-56.2 (3F CE,OCF,CF,0—); -57.8 (3F CE;—OCF,O0—);
-87.5 (3F CE,CF,0—); -88.4, -90.7 (4F —OCE,CE,O—).

The conditions used 1n this Example and the obtained
results are summarized 1n Table 1.

Example 2

Syntesis 1 a Discontinuous Way of Monoacyltluoride

CF,;O0—(CF,CF,0), (CF,0), —CF,C(O)F by fluorina-
tion of the corresponding diacylfluorides on CsF catalyst at
the temperature of 20° C. and subsequent decomposition in
situ of the obtained hypofluorites.

One proceeds as in the Example, 1, by imtroducing 2
mmoles of diacylfluoride (I1IIA) but by feeding 2.03 mmoles
of fluorine.

The reaction mixture 1s heated to 20° C. and maintained at
this temperature for 4 hours. It 1s cooled to —196° C. and 1t
1s noticed that the fluorine conversion 1s complete. The
reaction mixture 1s let then reach the room temperture
without observing any variation of the internal pressure,
which indicates that the hypofluorites formed under said
conditions are stable.

The subsequent decomposition reaction 1s carried out as
in the Example 1.

The reaction products are then recovered in C.F. and
analyzed by '"F—NMR analysis. The conversion of initial
—COF end groups to quantitatively give —OCF; groups 1s
55%; the fed fluorine yield 1s 98%. The GC/MS and GC
analyses have shown, besides the starting unreacted com-
pounds c¢), the following reaction compounds: monoa-
cylfluoride a) and neutral pertluoropolyether b), whose for-
mulas are reported in the Example 1. The corresponding
molar percentages, determined by gaschromatography, are
the following:
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a) 41%, b) 37%, c) 22%, wherein the compounds a) and b)

form as described 1n the Example 1.

The yield of the monoacylfluorides a) calculated with
respect to the 1mitial converted diacylfluorides 1s 53%.

The reaction products are separated by fractional distil-
lation.

Characterization of the Products: "F— NMR

“F—NMR spectrum in p.p.m. with respect to CFCI,
(p.p.m.=0): 13.2 (1F E(O)CCF,OCF,O0—); 13.0 (1F
E(O)CCF,OCF,CF,0—); -51.7, -55.3 (2F —OCE,O—);
-56.2 (3F CE,OCF,CF,O0—); -57.8 (3F CE;OCF,O0—);
-87.5 3F CE,CF,0—); -88.4, -90.7 (4F —OCE,CE,O—).

The conditions used 1n this Example and the obtained
results are summarized 1n Table 1.

Example 3

Syntesis 1 a Discontinuous Way of Monoacyltluoride

CF,O0—CF,CF,0)_(CF,0),—CF,C(O)F by Fluorina-
tion of the corresponding diacylfluorides on KF catalyst at
the temperature of —10° C. and subsequent decomposition in
situ of the obtained hypofluorites.

In a 10 cc metal reactor equipped with internal thermo-
couple are mntroduced 0.11 g of KF catalyst (1.89 mmoles;
Aldrich® Chemical Co., titre 99%), which 1s activated by
drying under vacuum at 150° C. for 3 hours and successively
fluorinated at 400 mbar (4x10” Pa) of fluorine at the tem-
perature of 100° C. for 2 hours. By operating likewise as in
Example 1, 2 mmoles of diacyltfluoride (IIIA) are intro-
duced, then after cooling in liquid nitrogen, the optional
uncondensable products (N,, O,) stripped, 1.82 mmoles of
fluorine are added and the reaction mixture 1s brought to
—10° C. and maintained at this temperature for 5 hours. It 1s
cooled to —-196° C. and 1t 1s noticed that the fluorine
conversion 1s complete. The reaction mixture 1s then let
reach the room temperature without observing any variation
ol the internal pressure; this indicates that the hypofluorites
tformed under said conditions are stable.

The decomposition reaction 1s carried out as in the
Example 1.

The reaction products are then recovered in C.F. and
analyzed by ""F-NMR analysis. The conversion of initial
—COF end groups to quantitatively give —OCEF, groups 1s
49%; the fed fluorine vield 1s 98%. The GC/MS and GC
analyses have shown besides the unreacted starting com-
pounds ¢) the following reaction compounds: monoacyltluo-
ride a) and neutral perfluoropolyether b), whose formulas
have been reported 1n the Example 1.

The corresponding molar percentages, determined by
gaschromatography, are the following;:
a) 33%, b) 35%, ¢) 32%, wherein the compounds a) and b)
form as described 1n the Example 1.
The yield of the monoacylfluorides a) calculated with
respect to the 1mitial converted diacylfluorides 1s 49%.

The reaction products are separated by fractional distil-
lation.

Characterization of the Products: "F-NMR

PEF-NMR spectrum in p.p.m with respect to CFCl,
(p.p.m.=0): 13.2 (1F F(O)CCF,OCF,0—); 13.0 (1F
F(O)CCF,OCF,CF,0—); -51.7, -55.3 (2F —OCE,O0—);
-56.2 (3F CE,OCF,CF,O0—); -57.8 (3F CE;OCF,O0—);
-87.5 3F CE,CF,0—); -88.4, -90.7 (4F —OCE,CE,O—).

The conditions used 1n this Example and the obtained
results are summarized 1n Table 1.
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Example 4

Syntesis 1n a Discontinuous Way of Monoacylfluoride

CF,O0—CF,CF,0) (CF,0) —CF,C(O)F by fluoria-
tion of the corresponding diacylfluorides on KF catalyst at
the temperature of 20° C. and subsequent decomposition in
situ of the obtained hypofluorites.

The used catalyst amounts and the activation are as
described in the Example 3.

By operating as in the Example 1, 2 mmoles of diacyltluo-
ride (IIIA) are introduced and 1.82 mmoles of fluorine are

added.

The reaction mixture 1s heated to 20° C. and maintained at
said temperature for 4 hours. It 1s cooled to —196° C. and it
1s noticed that the fluorine conversion 1s complete. The
reaction mixture 1s let then reach the room temperture
without observing any variation of the internal pressure,
which indicates that the hypofluorites formed under said
experimental conditions are stable.

The subsequent decomposition reaction 1s carried out as
described in the Example 1.

The reaction products are then recovered in C.F. and
analyzed by '"F-NMR analysis. The conversion of initial
—COF end groups to quantitatively give —OCF, groups 1s
49%; the fed fluorine yield 1s 98%. The GC/MS and GC
analyses have shown the presence of the starting unreacted
diacylfluonides ¢) and the formation of the following com-
pounds: monoacyltluoride a) and neutral perfluoropolyether
b), whose formulas have been reported 1n the Example 1.
The corresponding molar percentages, determined by
gaschromatography, are the following: a) 37%, b) 33%, c)
30%, wherein the compounds a) and b) form as described 1n
the Example 1.

The vield of the monoacylfluorides a) calculated with
respect to the mitial converted diacylfluorides 1s 53%.

The reaction compounds are separated by fractional dis-
tillation.

Characterization of the Products: ""F-NMR

PF-NMR spectrum in p.p.m. with respect to CFCl,
(p.p.m.=0): 13.2 (1F F(O)CCF,OCF,O0—); 13.0 (1F
F(O)CCF,OCF,CF,O0—); -51.7, -55.3 (2F —OCE,O—);
-56.2 (3F CE,OCF,CF,O0—); -57.8 (3F CE;OCF,0O—);
-87.5 (3F CE,CF,0—); -88.4, -90.7 (4F —OCE,CE,O—).

The conditions used 1n this Example and the obtained
results are summarized 1n Table 1.

Example 5

Syntesis 1n a Semicontinuous Way of Monoacylfluoride

CF;O0—(CF,CF,0), (CF,0) —CF,C(O)F by fluorina-
tion of the corresponding diacylfluorides on CsF catalyst at
the temperature of 0° C. and subsequent decomposition in
situ at 40° C. of the obtained hypotluorites.

In a 260 cc metal reactor equipped with condenser,
mechanical stirrer and internal thermocouple there are intro-
duced 10 g of CsF catalyst (Aldrich®, titre 99.9%), which 1s
dried under nert gas stream at the temperature of 200° C. for

two hours and successively fluormmated with 1 Nl/h of F,

diluted with 1 Nl/h of He at the temperature of 150° C. for
2 hours.

After elimination of the residual fluorine, 100 g (0.161
mmoles) of diacylfluoride (IIIA) are introduced, then the
reaction mixture 1s brought to 0° C. by an external cryostat
and the condenser temperature at the reactor top to —30° C.
by means of another external cryostat. A mixture formed of
1.0 liters/h (I/h) of elemental fluorine diluted with 1.5 liters/h
of helium 1s fluxed for 1 hour.

The IR and GC analyses of the gases outtlowing from the
reactor do not show any COF, formation dertving from the
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optional degradation of the formed hypofluorites. The reac-
tion mixture 1s then very slowly heated, under temperature
control by a thermostatic o1l bath, up to 40° C., temperature
at which 1t 1s noticed the degradation of the obtained
hypotluorites with exothermal reaction with COF, forma-
tion, shown by the IR and GC analyses of the gases
outflowing from the reactor.

The reaction mixture 1s brought to 50° C. for 1 hour to
complete the hypofluoprite degradation. Once the degrada-
tion 1s over, the mixture temperature 1s brought again to 0°
C. and one proceeds with a further fluorination for another
hour under the previously described conditions with con-
version of other diacylfluoride to hypotluorite, followed by
a successive heating under temperature control up to 40° C.,
where 1t 1s noticed again formation of COF, deriving from
the degradation of the obtained hypofluorites.

With the sequence of the described operations a total
amount of fluorine of 0.091 moles 1s mtroduced.

When the reaction 1s over, the formed compounds, sepa-
rated by filtration from the catalyst, are analyzed by '“F-
NMR analysis. The conversion of mitial —COF end groups
to quantitatively give —OCF,; groups 15 30%. The fed
fluorine yield 1s 97%.

The GC/MS and GC analyses have shown the presence of
the starting unreacted diacylfluorides ¢) and the formation of
the following compounds: monoacyltluoride a) and neutral
pertluoropolyether b), whose formulas have been reported in
the Example 1.

The corresponding molar percentages, determined by
gaschromatography, are the following: a) 20%, b) 26%, c)
54%, wherein the compounds a) and b) form as described 1n
the Example 1.

The yield of the monoacylfluorides a) calculated with
respect to the converted diacyltluorides 1s 43%.
Characterization of the Products: ""F-NMR

PF-NMR spectrum in p.p.m. with respect to CFCl,
(p.p.m.=0): 13.2 (1F F(O)CCF,OCF,0—); 13.0 (1F
F(O)CCF,OCF,CF,0—); -51.7, -35.3 (2F —OCE,O—);
-56.2 (3F CE;OCF,CF,0—); -57.8 (3F CE;OCF,0—);
-87.5 (3F CE;CF,0—); -88.4, -90.7 (4F —OCE,CE,O0—).

The conditions used 1n this Example and the obtained
results are summarized 1n Table 1.

Example 6 (Comparative)

Syntesis 1n a Discontinuous Way of Monoacylfluonide
CF,O0—CF,CF,0) (CF,0) —CF,C(O)F by fluorina-
tion of the corresponding diacylfluorides on CsF catalyst at
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the temperature of —10° C. and subsequent decomposition in
situ at 70° C. of the obtained hypotluorites.

In a 10 cc metal reactor equipped with internal thermo-
couple there are introduced 1.0 g of CsF catalyst which 1s
activated as described 1in the Example 1.

By operating likewise as in the Example 1, 4 mmoles of
diacyltluorides (IIIA) and 3.64 mmoles of fluorine are
introduced 1n the reactor and the reaction mixture is brought
to —10° C. and maintained at this temperature for 8 hours. It
1s cooled to -196° C. and 1t 1s noticed that the fluorine
conversion 1s complete. The reaction mixture i1s then let
reach —10° C. without any variation of the internal pressure.
This indicates that the hypofluorites formed under these
conditions are stable.

Then the reactor containing the reaction mixture 1s
immersed in an o1l bath preheated at 70° C. and maintained
at this temperature by an external thermostat. It 1s 1immedi-
ately noticed a rapid increase of the temperature and of the
pressure inside the reactor due to the uncontrolled decom-
position of the obtained hypofluorites. When the exothermal
reaction 1s over, the reaction mixture 1s left at 70° C. for 1
hour. After having cooled the reaction mixture to -50° C.,
the IR and GC/Ms analyses of the gaseous phase show that
COF, has formed 1 a notable amount and that volatile
degradation products of the initial pertluoropolyether struc-
ture, such as CF,, C,F,, and carbon residues are present.
After removal of the volatile degradation products the raw
reaction product 1s weighed, noticing a weight loss of about

40%.

The conditions used in this Example and the obtained
results are summarized 1n Table 1.

Example 7

Example 1 has been repeated but performing the fluorination
reaction at a temperature of —80° C. Data are reported in

Table 1.

Example 8

Example 3 has been repeated but performing the fluorination

reaction at a temperature of —80° C. Data are reported in
Table 1.

TABLE 1

Examples 1-8. Summary of the features and obtained results. In the Table, a), b) and c¢)
are as defined in Ex. 1. a) indicates monoacylfluoride, b) neutral perfluoropolyether,

¢) starting unreacted diacylfluoride.

yield a) %

with
respect to % mol. int.
reacted final

Conv. —COF diacylfl. F, reaction

M.W. TEC) T(¢C) —OCF;/—COF(init.) (a+b) conv. % mixture
Ex. way (III) Catal.  fluor. decomp. mol. % mol. mol. a) b) ¢
1 disc. 620 CsF -10 +40 47 31 94 19 42 39
2 disc. 620 CsF +20 +40 55 53 98 41 37 22
3 disc. 620 KF -10 +40 49 49 98 33 35 32
4 disc. 620 KF +20 +40 49 53 98 37 33 30
5 semi- 620 CsF 0 +40 30 43 97 20 26 54

cont.

7 disc. 620 CsF —-80 +40 49 26 98 15 43 42
& disc. 620 KF —-80 +40 48 43 96 27 36 37
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The 1nvention claimed 1s:

1. A process for the synthesis of (per)fluorinated mono-
functional carbonyl compounds having the following for-
mula:

F-A-R,—B—C(0)X, (D)

wherein:

X,=F, CF;;

A, B equal to or different from each other, are indepen-
dently C,-C. (per)tfluoroalkylene groups or linear or
branched C,-C. (per)fluorooxyalkylene groups, option-
ally containing one or more Cl and/or H atoms;

R 1s selected from the following groups:

—ORT1,O— wherein Rt,=C, -C,, perfluoroalkylene;

—ORI1,—, whereimn R1, 1s a perfluorooxyalkylene chain
containing one or more of the following units statisti-
cally distributed along the backbone:

(C,FO), selected between (CF,CF(CF,)O) or (CF—
(CF;)CF,0);

(CFX,0) wheremn X, 1s F or CFj;;

(C,F,L0);

(CF,(CF,) CF,0O) wherein x' 1s an integer equal to 1 or
2;

(CR,R.CF,CF,0O) wherein R, and R are equal to or
different from each other and selected between H, Cl,
and wherein one fluorine atom of the perfluorom-
cthylene unit 1s optionally substitued with H, CI or
(per)fluoroalkyl, having from 1 to 4 carbon atoms;

said process comprising the following steps:
A) obtainment of the mono-hypotluorite of formula:

FO—CFX,-A-R,—B—C(0)X, (1)

by partial fluorination with elemental fluorine of the
carbonyl groups of the following (per)fluorinated di-
functional carbonyl compound of formula:

X,(0)C-A-R—B—C(0)X, (I11)

wherein:

X,, R, A and B have the above meanings;

X,, equal to or different from X,, has the same mean-
ings as X;;

in the presence of a catalyst based on metal fluorides

having formula Mek', wherein:
Me 1s an alkaline or alkaline-earth metal or Ag; y=1 or

2;
B) thermal decomposition of the mono-hypofluorite of

formula (II) to give (per)fluorinated mono-functional
carbonyl compounds (I), according to the reaction:

FO—CFX,-A-R,—B—C(O)X,(ID)- - -
B—C(O)X (D)+(O)CFX..

—F-A-R,—

2. A process according to claim 1, wherein the A and B
groups 1n the formulas (I)-(I1I) are selected from the fol-
lowing:

_ CF,—, —CF(CF;)—, —CF,CF,—, —CF,CF,CF,—,
— CF,CF(CF,)—, —CF(CF,)CF,—, —CF(OCF,)—,
— C(OCF,),—, —C(CF,)(OCF)—.

3. A process according to claim 1, wherein when R .——
ORI1,-, the perfluorooxyalkylene chain Rf, 1s selected from
the following:

a') —(CF,CF,0),,(CF,0),(CF,CF(CF;)0),(CF(CF;)0),,

(CF,CF,CF,0) —

b') —(CF,0),(CF,CF(CF,)0),(CF(CF,)0),—

¢') —(CF,CF,0),,(CF,0),—

wherein:

m 1s 0 to 100,

n 1s 0 to 100,

p 1s 0 to 60,

q 1s 0 to 60,
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r 1s 0 to 60,

m+n+p+q+r being =0 and the number average molecular
weight of —OR{T,— 15 1n the range 16 to 12,000.

4. A process according to claim 3, wherein the formula ¢'),

when m and n are both present, m/n ranges from 0.2 to 12
and the number average molecular weight of —ORI{, 1s
within the values indicated 1n claim 3.

5. A process according to claim 1, wherein step A) 1s
carried out 1n the presence or absence of solvents.

6. A process according to claim 1, wherein 1n step A) the
molar ratio F,/carbonyl groups ot the compound (III) ranges
from 0.05 to 0.90; the reaction temperature ranges irom
-80° C. to +30° C.

7. A process according to claim 1, wherein 1n step A) one
operates 1n the absence of solvents.

8. A process according to claim 1, wherein 1n step A) the
catalysts based on metal fluonides are selected from the
following;:

alkaline or alkaline-earth metal fluorides selected from the

following: CsF, KF, RbF, LiF, NaF, Cal,, BaF,, MgF,,

Srl .

Agl,
said catalysts being used as such, or mixed with each other
or optionally supported on porous matenal.

9. A process according to claim 8, wherein the preferred
metal fluorides are CsF and KF.

10. A process according to claim 1, wherein the hypot-
luorite thermal decomposition reaction B) i1s carried out
subsequently to the fluorination reaction of the (per)tluori-
nated di-functional carbonyl compound.

11. A process according to claim 1, wherein the hypoi-
luorite decomposition temperature 1s 1n the range between
the temperature T,, at which the formula (II) hypofluorite
begins to decompose with formation of C(O)FX, com-
pounds as above defined, and T,+20° C.

12. A process according to claim 11, wherein the tem-
perature at which the decomposition reaction 1s carried out
1s from 0° C. to +200° C.

13. A process according to claim 1, carried out 1n a
discontinuous, semicontinuous and continuous way.

14. A process according to claim 1, wherein 1n step A) the
fluorine conversion 1s higher than 90%.

15. A process according to claim 1, wherein the difunc-
tional carbonyl (per)tluorinated compounds of formula (I1I)
are selected from the following:

X,(0O)CCFY ,—O(CF,0),(CF,CF(CF;)0O) (CF(CF;)

0) -CFY,C(O)X,,
X,(O)CCFY,—O(CF,CF,0) (CF,0) —CFY,C(O)X,,
wherein:

X,, X,, equal or different, are as above,

Y,, Y,, equal or diflerent, have the X, meaning,

m, n, p, q are as above.

16. A process according to claim 15, wherein the formula
(III) compounds are selected from the following:

F(O)CCF,O(CF,0), —CF,C(O)F, F(O)CCF,O

(CF,CF,0) —CF,C(O)F,
F(O)CCF,O(CF,CF,0), (CF,0) —CF,C(O)F,
wherein m and n are as above defined.

17. A process according to claim 15, wherein the com-
pounds of formula (III) are the following:

F(O)CCF,OCF,C(O)F, F(O)CCF,OCF,OCF,C(O)F,

F(O)CCF,OCF,CF,OCF,C(O)F,

F(O)CCF,OCF,OCF,CF,OCF,C(O)F,

CCF,OCF,OCF,OCF,C(O)F,
F(O)CCF,OCF,CF,OCF,CF,OCF,C(O)F.
18. A process according to claim 3, wherein the number

average molecular weight of —ORI1,— 1s 16 to 5,000.

F(O)
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19. A process according to claim 3, wherein the number
average molecular weight of —ORITf,— 1s 60 to 3,000.

20. A process according to claim 6, wherein 1n step A) the
molar ratio F,/carbonyl groups of the compound (III) ranges
from 0.1 to 0.80; the reaction temperature ranges from —80°

C. to +30° C.

16

21. A process according to claim 11, wherein the tem-
perature at which the decomposition reaction 1s carried out
1s from +40° C. to +150° C.
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